Introduction
Sickle cell disease (SCD) is an inherited disorder that causes many harmful pathological effects. Patients with SCD were found to exhibit a state of chronic oxidative stress with a higher potential for oxidative damage due to increased resting oxygen consumption and circulating pro-oxidative free hemoglobin [1] . Further sources of oxidants which are unique to SCD vasculature include xanthine oxidase, nitric oxide and secondary oxides of nitrogen [2] . Previous studies had shown correlation between markers of oxidative stress and common secondary diseases in SCD, such as acute chest syndrome and pulmonary hypertension [3] . Other disease related complications include infections, neurological, cardiac manifestations, and cognitive deficits [4] .
Vitamins and trace minerals are known key buffers against oxidative damage. Chronic increase in the oxidative stress results in overuse of oxidative buffering capacity and may produce conditional deficiencies in key amino acids and enzymatic cofactors [5] . There are several published series demonstrating reduced levels of antioxidant vitamins, enzymes and trace elements like; zinc, selenium, glutathione, vitamins A, C, riboflavin, D, and E [6] [7] [8] , as well as increased markers of lipid peroxidation [9] in SCD patients.
The cognitive disabilities in SCD patients include deficits in short-term memory and difficulties in verbal tasks that lead to declining IQ scores and learning difficulties [10] . Few previous studies had evaluated the cognition in relation to oxidative stress in SCD patients, but 'to our knowledge' none of them evaluated the effects of antioxidant on cognition in children. In this work, we aimed to assess the cognitive impairment in Egyptian children with sickle cell disease and to investigate two antioxidants (vitamin E and selenium) levels and their relationship to IQ values among such group of patients.
Materials and methods
A case-control study that included fifty-five SCD patients less than 18 years old, who presented to the Hematology Clinic for follow-up. Patients were diagnosed as SCD based on conventional clinical and hematologic criteria. Patients on antioxidant medications and those with known organic brain lesions, autistic spectrum disorder, acute infection or inflammation were excluded from the study. Fifty-five apparently healthy subjects with frequency matched age & sex were included and served as a control group. Consents were obtained from the patients and their legal guardians before enrollment in the study. The study protocol was approved by the Ethical Committee of Cairo University, according to the 18th World Medical Assembly, Helsinki, Finland. Clinical data and the most recent routine laboratory data were retrieved from medical records as well as patient interviewing. Disease severity was assessed using scoring system for clinical evaluation of SCD patients [11] (Table 1) .
Samples were collected and processed according to clinical laboratory specifications, and results were expressed as absolute values as well as percent of patients outside the reference ranges. A blood sample (10 ml) was collected from subjects in the morning after at least 8 h fasting and all samples from patients were collected just before the transfusion. Blood was transported at room temperature to the analytical laboratory within 20 min of venipuncture for cell isolation and oxidation analysis. Serum, plasma and cells were separated by centrifugation. Selenium level was assessed using Varian Spectr AA 220 Atomic Absorption Spectrometer equipped with a graphite furnace atomizer and an auto-sampler. Vitamin E assessment has been carried out by Enzyme Linked Immunosorbent Assay (ELlSA); which is based on the competitive binding enzyme immunoassay technique and the concentration of Vitamin E in the samples was determined by comparing the optical density of the samples to the standard curve [12] .
Assessment of cognitive functions was carried out for all patients and controls using The Stanford-Binet Intelligence Scale, 4th Ed. (SB-IV) [13] ; it consists of 15 subtests, grouped into four area scores (SB-IV, 1987). SB-IV was used to assess intelligence and cognitive abilities and provides an overall test composite score and standard age scores with an average score of 100 and a standard deviation of 16.
Statistical analysis: Data were statistically described in terms of mean ± standard deviation (SD), and range, or frequencies (number of cases) and percentages when appropriate. Comparison of numerical variables between two groups was done by Student's t-test for parametric data or Mann-Whitney U test for non-parametric data. For comparing categorical data, Chi square (χ 2 ) test was performed. Correlation between various variables was done using Spearman rank correlation coefficient. P-value less than 0.05 was considered statistically significant. All statistical calculations were done using SPSS (Statistical Package for the Social Science; SPSS Inc., Chicago, IL, USA) version 15 for Microsoft Windows.
Results
Normal IQ scores were recorded in 19 SCD patients (34.5%) while abnormal scores were seen in 36 (65.5%). Mean IQ of our studied patients was 75.6 ± 17.4, with interquartile range (IQR) of 60-85. While the mean IQ score of the control group was 102.0 ± 9.5; the controls had significantly higher IQ scores compared to SCD group (P = 0.01). All SCD cases had below normal vitamin E and Selenium levels; their mean values were significantly lower compared to the control group (p < 0.001) ( Table 2) .
Cases were subdivided into two groups according to their cognitive function; group I with normal cognition and group II with impaired cognition (Table 3) .
Impaired cognition was more frequent among females (p = 0.021), while both genotypes had similar frequencies (p > 0.05). Comparison of clinical and laboratory tests in relation to normal and abnormal IQ is illustrated in (Table 4 ).
IQ score correlated inversely with chronological age, age at 1st transfusion, AST and total bilirubin (r = −0.424, p = 0.001/r=, p = 0.031/r = −0.461, p = <0.001/r = −0.391, p = 0.003 respectively).
Discussion
Sickle cell disease (SCD) is a genetic disorder caused by a single-point mutation in the 6th position of the hemoglobin beta chain gene, which leads to abnormal hemoglobin, that polymerizes when exposed to low oxygen tension, with subsequent deformity of the erythrocytes which aggregate and cause sluggishness in the microcirculation resulting in local hypoxia, ischemia and tissue damage. SCD complications are frequent; they include bone disease, splenic dysfunction, pulmonary complications, skin ulceration, depression or behavioral disorders, neurologic, and cognitive deficits [4] .
Cognitive deficits may include impairment in general cognitive functions as well as deficits in specific areas of cognition including language, short term memory, speed of processing, and working memory [14] . Little information is available on the frequency and risk factors of cognitive impairment in Egyptian children with SCD.
In our study, we assessed the IQ by the Standford Binet test fourth edition [13] . The mean cognitive IQ score among our patients was 75.6 which was significantly lower than that of control (IQ was 102 with P value of 0.01). This score was in close approximation to that reported in previous studies [15, 16] , while Noll et al. reported higher IQ scores in their study where the IQ score reached up to 101.4 [17] . This variation in the reported scores might be related to the presence of silent neurological insults in neurologically free SCD patients; which may affect their intellectual abilities. The frequency of impaired IQ in our studied patients was 65.5%, with most of them categorized as slow learners or having mild mental retardation, these findings were on line with previous reports [10, 18] . The cognitive deficits in SCD patients might be multifactorial and the exact risk factors are still not completely clarified. In our studied cases, we found that patients with abnormal IQ were mostly females and were older than those with normal IQ. Age correlated negatively with IQ, which was in agreement with several previous reports stating that IQ decreased with increasing age [10, 19, 20] , while contradicted by other studies, which found that age showed no significant difference between SCD patients with normal IQ and those with abnormal score [17, 21] . Moreover, we found that the age of first blood transfusion correlated negatively with the IQ score. A possible explanation is that scheduled blood transfusion early in life improves growth, prevents VOC, limits school absences and hence improves cognition [22] .Blood transfusion also increases the total hemoglobin and abates the anemia severity, thus improving the neurocognitive abilities by improving oxygenation and cerebral blood flow [23, 24] .
In our studied cases, we found no difference in disease severity between group with abnormal IQ and the group with normal IQ. This has been previously reported [18, 25] , however, contradicts have been reported as well, where disease severity was a contributing factor of school absence, leading to poor performance on IQ tests and low verbal abilities [26, 27] .
In the current study, the group with abnormal IQ had insignificantly lower hemoglobin than the group with normal IQ. The same findings were detected by other authors [20, 28] . On the other hand, others found moderate to strong correlation between anemia severity and neurocognitive impairment, where hemoglobin was a strong marker for neurocognitive dysfunction [10, 14, 19, 24, 29] .
Other laboratory variables including alanine transaminase (ALT), lactate dehydrogenase (LDH) and serum ferritin showed no significant differences between both groups. A higher total and direct bilirubin were found in patients with abnormal IQ, and negative correlations were found between IQ and both; AST and total bilirubin. These were in agreement with Weiskopf RB and colleague who reported that SCD patients with cognitive impairment had increased bilirubin [30] .
In our study, we found no significant association between sickle genotype and IQ score. This was in line with previous studies reporting abnormal IQ equally in all SCD genotypes (Hb-SS, Hb-SC, Hb-SB)0 [31, 32] . A finding that was contradicted by others [29, 33] who found that SS genotype patients were more vulnerable to disease related complications, due to lack of fetal hemoglobin which ensures better oxygenation of the brain.
In our studied cases, hydroxyurea dose and duration of therapy were not proved to affect the degree of IQ impairment. Our results mismatch the results of a previous study reporting that neurologically intact SCD children who received regular hydroxyurea scored significantly higher IQ than patients without hydroxyurea [34] .
Sickle cell patients are chronically anemic so increase in the cardiac output is required to maintain proper tissue oxygenation; this produces a mildly hyper-catabolic state, increasing resting energy expenditure, and chronic oxidative stress [35] . Antioxidant capacity is an important protector against tissue injury, especially in patients with increased oxidant stress. Our patients showed significantly lower levels of the tested antioxidant compared to matching healthy controls. This is in agreement with previous study conducted on Egyptian children [9] while most of the other previous studies concerned with the oxidative stress in chronic hemoglobinopathies were carried out on adults [5] [6] [7] [8] .
Several authors reported alteration in the lipid soluble vitamins level as vitamin E in SCD patients [5, 9, 36] . The observed depletion of serum levels of vitamin E can be explained by impairment of liver function due to chronic hepatic iron overload, in addition to increased oxidative processes which cause substantial reduction of serum lipids with a concurrent reduction of serum vitamin E [37, 38] .
We observed that SCD patients possess an extremely altered pattern of the tested serum antioxidants namely vitamin E and selenium. All SCD cases had below normal vitamin E and selenium levels versus none of the control group. This observation is consistent with other authors [5, 9, 36, 39, 40] , and could be explained by the state of chronic oxidative stress with subsequent depletion of all antioxidants [41] . However, the depleted antioxidants were not proved to be related to IQ scores among the studied population, this could be attributed to the fact that all the patients we studied were deficient in both vitamin E and selenium.
Limitation
One of the limitations of our study is that we tested for individual antioxidants like vitamin E and selenium which may be less informative than other tests like total antioxidant capacity which reflects the collective contribution to the reducing property of non-protein individual antioxidant or electron donating components. Another limiting factor is the lake of magnetic resonance image (MRI) to exclude underling brain disorders that may affect cognition which were not done due to limited financial resources. And lastly the small sample size which might affect our conclusions.
Conclusions and recommendations
In conclusion, based on the results of this study, cognitive impairment is frequent among SCD children especially females and older patients. SCD patients have depleted antioxidants relative to healthy control, though, we could not detect direct relationship between depleted antioxidants and cognitive functions among such population. Further prospective studies with proper supplementation of vitamin E and selenium and follow up for changes in the cognitive ability are needed to confirm the role of antioxidant deficiency in cognitive impairment.
